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Abstract

Aims: Vascular endothelial growth factor (VEGF) over expression is frequently
considered as a marker of poor prognosis and of an aggressive tumour
phenotype. Colorectal carcinoma is still one of the most lethal malignancies.
Thus, our purpose was to study the expression of VEGF in tumour tissue and
around these tumours and analyze its correlation with clinico-pathological
features and overall-survival.

Methods: The study was designed to determine the concentration of vascular
endothelial growth factor in tumour (n=87) and non-tumour tissue (n=230)
obtained form the colorectal cancer patients. Accordingly, VEGF expression
was studied in tissue homogenates by a quantitative sandwich ELISA method.
Results: The study was performed on 317 colorectal samples from 87 colorectal
cancer patients. VEGF expression was higher in the tumour than in the non-
tumour area (P<0.0005). In areas 5-10 cm around the tumours, VEGF
expression were higher than obtained in proximal or distal edge of the
resection. VEGF; expression was lower in patients with stage | than in patients
with stage II, Ill, or IV. However, a shorter overall survival time was evident
when the ratio obtained between VEGF expression in the tumour and mean
VEGF expression in the non-tumour areas of the same patient (VEGF/VEGF;
ratio) was < 2 (P=0.019).

Conclusions: VEGF expression in colorectal cancer tissue was higher in tumour
than in non-tumour areas. VEGF; expression was lower in initial clinical stages.
Indeed, patients who presented a VEGF/VEGF ratio >2 survived longer. This
is the first report showing an association between VEGF,; over-expression and

clinical outcome.



Keywords: VEGF; colorectal cancer; overall-survival; clinico-pathologic

features; immunoassay.

Introduction
Angiogenesis is essential in several physiological processes, for example in the
development of embryonic tissue and in placental formation. As such, the
induction of angiogenesis is regulated through the expression of different
angiogenic and anti-angiogenic factors. Indeed, it is well known that
angiogenesis is primordial for solid tumour growth and dissemination.! Binding
of VEGF and other ligands to the VEGF-receptor (VEGFR) of endothelial cells
activates the angiogenic pathway. Accordingly, the role of vascular endothelial
growth factor (VEGF) in tumour angiogenesis has been studied extensively.

VEGF is strongly expressed in many human cancers, including
oesophageal carcinomas % 2 as well as in intestinal * and breast cancers.>” This
growth factor is correlated with disease progression and lower overall survival.
Serum VEGF levels are elevated in colorectal cancer patients.® Indeed in
hepatocellular carcinoma, it is considered marker of poor prognosis.  *°

New therapeutic approaches targeting VEGFR have been developed and
anti-VEGFR blocking antibodies are being used in distinct clinical trials (phase |
and 1l) aimed at treating different malignant diseases. Such specific anti-
angiogenic therapies do not intend to eliminate tumour cells but rather, they
focus on disease stabilization.®**® Anyway some authors considered that
addition of bevacizumab (a monoclonal antibody against VEGF) plus chemo-

therapy may improve overall survival rate in colorectal cancer patients.



The aim of the present study was to assess the prognostic value of
VEGF expression in colorectal tissue when compared to other prognostic
clinical parameters (age, gender, clinical stage, lymph node involvement, etc.),
and to determine its relationship with clinical outcome and overall survival in

colorectal cancer patients.

Patients and methods

Patients

The patients were diagnosed and treated in the Department of Surgery at the
Hospital Universitario 12 de Octubre (Madrid, Spain). Patients who underwent
colorectal cancer resection operations (1997-1999) were reviewed between
September 1997 and July 2009. The diagnosis and staging of colorectal cancer
was performed according the WHO classification ** and the patient’s stage was
determined according to the International Union Against Cancer: TNM
classification of malignant tumours.'® These categories were used to classify the
patients: corresponds to stage | (T1-2 No Mo), stage Il (Tz.4 NoMo), stage 11l (Tany
N1-2 Mo) and stage IV (Tany N any M1).

Written informed consent to analyse tumour markers was obtained from
the patients before surgery and the study was approved by the Institutional
Research Board (Ethical Committee) at the Hospital Universitario 12 de
Octubre.

Freshly resected colorectal samples were obtained from 87 patients who
consecutively underwent surgery for colorectal cancer. Each sample size was 1
cm® approximately. Half of the samples were used for pathology diagnosis and

the other macroscopically equivalent half was sent to laboratory. The samples



were immediately frozen in liquid nitrogen (N2) and stored at -80°C until they
were assayed.

The tissue samples were assigned to two different groups, one
corresponding to colorectal tumours (t) and the other corresponding to non-
tumour (nt) areas of each patient. The study was carried out on 317 colorectal
tissue samples, corresponding to colorectal tumours (n=87) and 3 tissue
samples corresponding to the non-tumour areas in each patient: proximal or
oral edge (PE), n=69; from tissues 5 -10 cm away from the tumour but no
tumoral (N), n=87; and distal or anal edge (DE), n=74. All tissue samples were
examined histologically to confirm the diagnosis of adenocarcinoma and the
presence or absence of tumour cells in non-tumour areas.

The clinical data, including the results of the follow-up were analyzed. All
patients underwent clinical and biochemical evaluation, chest X-rays,
colonoscopies (endoscopies) and computed tomography scans every 3-6
months to detect any recurrence.

Exclusion criteria established in our protocol: 1% some samples of non-
tumour tissue were rejected as carcinoma cells were identified histologically.
The second exclusion criterion was for survival analysis: patients who were

followed - up less than 3 months.

VEGF concentrations by ELISA assay

VEGF concentrations were measured by ELISA (Quantikine human VEGF
immunoassay, R&D Systems, Madrid, Spain) in tissue homogenates
(supernatants) obtained as described previously.*” Optical densities (O.D.) were
determined by the absorbance at 450 in an ELISA reader using Multiskan EX

(Thermo Electron Corporation, Lab Center S.L., Madrid, Spain). The best-fit line



was determined by regression analysis and all the samples were assayed in
duplicate. According to the method used, the minimum detectable dose was
less than 9.0 pg / ml. To evaluate intra-assay variations in that 3 different tissue
samples were assayed in 8 replicates at the same time. For inter-assay
variations 3 tumour samples and 3 non-tumours were performed in duplicate for
2 consecutive days. The coefficient variation (CV) was minor than 10%
respectively.

The median VEGF levels in the tissue homogenates were expressed as
pg/mg of total protein and the protein concentrations were determined in the
corresponding supernatant using the DC protein assay kit (Bio-Rad, Barcelona,
Spain).

All values shown are the mean * standard error of media (SEM)

performed in duplicate.

Statistical analysis

The Student’t test and Fisher exact tests were used to compare the proportions
and the continuous variables were assessed with the Mann-Whitney U test. The
primary statistical endpoint in this study was the overall survival measured from
the date of surgery, and survival was assessed according to the Kaplan-Meier
method (Graph Pad Prism 5). Statistical differences in survival were determined
using the log-rank test. . All data were analyzed with SPSS.11.01 software for
Windows (SPSS, Inc., Chicago, IL, USA) and a P value less than 0.05 was

considered statistically significant.



In this study we considered as a cut-off for analysis of age, 69 years old.
This age was calculated as the mean value of the 87 colorectal cancer patients

old age.

Results

Clinical and pathological findings

Of the patients studied here 47 were male (47/87; 54.0%) and 40 were female
(40/87; 46.0%). When grouped according to their age, 42 patients (48.3 %)
were < 69 years old and 45 patients (51.7%) were older than 69 years of age.
The site of the primary tumour was in the right colon in 18 cases (20.7%), in the
left and sigmoid colon in 27 cases (31.0%), and in the rectum in 42 patients
(48.3%). Of the colorectal cancer patients, 59 (67.8%) did not show lymph node
involvement whereas in 28 patients the lymph nodes were affected (32.2%),
According to the clinical stages, 7 patients were stage | (8.1%), 52 patients
were stage 1l (59.8%), 23 patients were stage lll (26.4%) and 5 patients were
stage IV (5.7%).(Table 1)

At the time of censoring the data for analysis, 54 (62.1%) of the 87
patients had died, with a mean survival time of 72.5 months (range: 6-139
months). Of the patients that remained alive at the conclusion of the study
n=33; (37.9%), the mean overall survival time was 86.5 months (range: 12-161

months).

VEGF expression in tissue homogenates
The mean VEGF; expression in the male colorectal cancer patients was 292.3 +
35.4 pg/mg protein (n=47) and in the female patients the VEGF; expression was

218.5 + 49.5 pg/mg protein (n=40). The VEGF; concentration in patients < 69



years old (310.4 + 36.0 pg/mg protein, n=42) was similar than that in patients >
69 years old (272.7 + 46.3 pg/mg protein, n=45). In positive lymph node group
shows VEGF; with 296.3 * 49.2 pg/mg protein, n=28 and in negative group was
283.6 £ 37.0 pg/mg, n=59, (Table 1).

When the relationship between the VEGF; and VEGF,; was assessed,
the differences obtained were highly significant. In the tumour areas, the VEGF;
concentration (289.2 = 29.6 pg/mg protein, n= 87) was higher than in the non-
tumour (VEGFy) areas (74.5 = 8.3 pg/mg protein, n= 215), (Table 1).

VEGF: was analyzed according to the surgical resection situation in the
colon. Thus, at the PE of the colon VEGF,; expression was 61.2 + 8.4 pg/mg of
protein (n= 69), whereas in the N domain the VEGF,; was 91.5 + 12.9 pg/mg
protein n= 87, (PE vs. N: P< 0.025) and at DE, the VEGF,; expression was 67.2
* 9.8 pg/ mg of protein n=74, (N vs. DE: P< 0.10; PE vs. DE: P=0.35). (Fig.1)

The mean expression of VEGF; varied according to the clinical stage: in
stage |, was 148.5 + 16.8 pg/mg of protein (n=7); in stage Il was 306.5 + 40.9
pg/mg of protein (n=52); stage Ill, was 277.5 = 48.9 pg/mg of protein (h= 23);
and in stage IV was 488.7 + 116.2 pg/mg of protein (n=5), Table 1.

In terms of the location of the tumour in the colon, the VEGF;
concentration in the Right colon (R) was 375.7 + 98.0 pg/mg of protein (n= 18),
in the Left and Sigmoid (L+S) colon it was 271.1 = 44.2 pg/mg of protein (n=
27), and in the Rectum (Re) it was 268.6 = 34.4 pg/mg of protein (n=42); in R
vs. L+S was P< 0.20; in L+S vs. Re was P< 0.47; and in R vs. Re was P< 0.15.

In this study the cut-off level of ratio (VEGF/VEGF,) was determined.
This level was determined between the VEGF expression in the tumour (VEGF)

and in the non-tumour tissue (VEGF,). The mean of three VEGF expression



values in non-tumour areas (PE+N+DE/3) were taken as the denominator for
ratio calculation in each patient. The patients were considered on the basis of
the different VEGF/VEGF ratios and the survival was analyzed by Kaplan-Meier
method. Two groups (VEGF/VEGF, < 2 and VEGF/VEGF, > 2) were
established by applying a cut-off level of 2, where the survival data was

statistically significant.

Comparison of survival curves: Overall survival of colorectal cancer patients in
different stages

The overall survival time of colorectal cancer patients was analyzed and the
patients were grouped according to the different clinical stages (without
considering the VEGF values). Grouped as stage I+l (median survival was 114
months) versus stage IlI+IV (median survival was 84 months), was (hazard
ratios) OR 0.6921, 95% CIl 0.3474 -1.292; P= 0.23. A statistical analyses
according Kaplan-Meier method failed to find significant differences between

these groups.

Overall survival of colorectal cancer patients with VEGF/VEGF; ratio

Patients with a VEGF/VEGF ratio > 2 (n= 23) survived longer (median survival
time was 133.0 months) than patients with a VEGF/VEGF ratio < 2, n= 57,
(median survival time was 62.0 months), was OR 2.024, 95% CIl 1.144 — 4.629;
P< 0.0194 (Fig. 2). There were 7 patients who were followed up for less than 3

months and they were excluded from the analysis.
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Discussion
VEGF fulfils an important role in tumour induction and progression, and
administration of monoclonal antibodies against VEGF decreases blood vessel
density and suppress the growth of experimental tumours.*® VEGF has been
evaluated in pathological specimens of colon carcinoma although generally by
staining neoplastic cells by immunohistochemistry. Accordingly, an association
has been found between VEGF overexpression and poor responsiveness to
radiotherapy in rectal cancer.’® Also, the median survival time was shorter in
patients with high VEGF expression than in those whom no VEGF staining was
detected.”® VEGF was considered to be an independent factor that affects
survival or that can predict survival. In serum or plasma, VEGF over-expression
was also considered as a marker to predict recurrence in colorectal cancer
patients or associated with distant metastases.?" > Whereas experimentally
VEGF serum expression does not appear to have diagnostic value, it could be
of prognostic value in colorectal cancer patients. 23

To the best of our knowledge, there is no data regarding VEGF
expression in tissue homogenates from colorectal carcinoma patients. Here we
used a quantitative method to assess VEGF protein expression in tumour and
non-tumour homogenates from colorectal cancer patients by the ELISA method,
as has been performed previously with some other biomarkers in different
tissues.!” %4 %

Zafirelli et al.®® has been assessed VEGF expression by
immunohistochemistry in tissue microarrays and the samples quantified by
semi-automated computerized image analysis, indicating that VEGF expression

was an independent prognostic marker for Stage Il tumours.
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We examined VEGF expression in colorectal tissue (tumours and non-
tumours) corresponding to the each patients, to determine whether there is an
association between VEGF over-expression and clinical established prognostic
factors of the disease. Our results showed that, the mean VEGF; expression
was similar in younger patients when compared with patients older than 69
years of age. Also, when the tumour was located to the right area (R), the mean
VEGF; expression tends to be higher than in the rectum (Re). However, these
results could be influenced by the levels in normal vascular areas or by
inflammation process in the micro-environment around tumours. To eliminate
possible unspecific binding, VEGF concentrations were normalized in each
samples assessed, to the total protein concentration obtained.

Unexpectedly, and in contrast to other studies ?° the mean VEGF,
expression was similar in patients with positive lymph node involvement than in
those with no metastasis in the lymph node. Nevertheless, there were
significant differences in the mean VEGF; expression in terms of the different
(TNM) stages when compared stage | versus stage I, lll or IV. These results
indicated that, VEGF expression only in tumour area could be used as a poor
prognostic parameter.

In our study median VEGF expression in tumour areas was higher than
in non-tumour areas. However, when VEGF expression was analysed in each
patients individually, in many cases, VEGF expression in non-tumour areas was
higher than in corresponding tumour areas. This allows us to analyse the ratio
of VEGF expression between tumour and non tumour areas, (VEGF/VEGFy).
Indeed, when the patients were considered on the basis of the different

VEGF/VEGF ratios, two groups were established by applying a cut-off level of
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2, where the survival analysis by Kaplan-Meier method was statistically
significant.

When the overall survival time of our group of patients was studied
according to the clinical stages, without considering the VEGF values, we did
not find statistically significant differences in the results.

However, when the overall survival time of these patients was studied
considering the VEGF/VEGF ratio, we found that patients with a higher VEGF;
expression in colorectal tissue than in VEGF; might have a poor prognosis
(VEGF/VEGF: < 2) when compared to those with lower VEGF, expression.

It is most likely that VEGF content may be modulated distinctly in tumour
and in non-tumour tissue in colorectal cancer patients and that its expression
may be altered as a consequence of neoplastic cell proliferation. Moreover,
these results could indicate that VEGF represent target acting in the tumour
microenvironment inducing the local dissemination of the tumour. Further
studies are needed to elucidate if this patients with a VEGF/VEGF; ratio < 2
have shorter relapse times and therefore, need more frequent follow-up, and

27,28 or to

whether they might specially benefit from anti-angiogenic treatment
consider some associated therapy or even more aggressive treatments.

In our study when VEGF expression is not considered, there were not
significant differences in the survival time among the colorectal cancer patients
at different stages of the disease. This probable is related to the study size or
due to the other factors that could affect the survival like age, other associated
pathology, response to different therapies, etc. However, these same factors

are affecting the survival study when evaluated according the VEGF/VEGF;

ratio and in this case we can observe significant differences in survival time and
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find significant differences in survival time and, these ratio could be use as a

valuable outcome factor.

Conclusions

In conclusion, our results show that mean VEGF expression in colorectal
tumours was higher than in non-tumour areas and, have to point out when in
colorectal cancer patients the VEGF values were lower in its non-tumour areas
than in tumour areas, these patients survived longer, indicating that

VEGF/VEGF ratio could be a valuable prognostic parameter for these patients.
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Figure legends

Figure 1. - The mean VEGF expression in different colorectal tissues. Left: The
mean VEGF; expression in the tumour versus the mean VEGF,; expression in
non-tumour tissue was P< 0.0005. Right: The mean VEGF,; expression in the
different non- tumour areas: PE= proximal or oral edge; N= 5 -10 cm. peri-
tumoral area and DE= distal or anal edge. PE vs. N, P=0.025. N vs. DE: P=0.10
and PE vs. DE: P=0.40. NT indicate non-tumour tissue; T, tumour tissue

(compared by Student'’t test)

Figure 2. - Kaplan-Meier survival curves (overall survival) with patients with
colorectal cancer. The survival of patients with the VEGF/VEGF ratio < 2 was
significantly worse than in patients with a ratio > 2 (compared by log-rank-test,

P=0.019). Survival was determined according to the Kaplan-Meier method.



Table 1.

Relationship between VEGF expression and clinicopathologic findings

Patients

Characteristics

Gender®
Male
Female

Age (years old)?

<69
> 69

Tissue samples

Tumour
Non tumour

Lymph node®

Positive
Negative

Stage (TNM) ?

I
I
1l
\%

NT distribution®

PE
N
DE

Total

47
40

42
45

87
230

28
59

69
87
74

VEGF pg/mg
+SEM

292.3+35.4
281.5+49.5

310.4+£36.0
272.7 +46.3

289.2 +29.6
745+ 8.3

296.3 £49.2
283.6 +37.0

148.5+16.8
306.5 £ 40.9*
277.5 £ 48.5*
488.7 £116.2**

61.2+84
91.5 £12.9 ***
67.2+9.8

value

0.49

0.25

0.0005 °

0.40

* 0.0005°
** (0,01 °

**x 0,025 P

Mean = SEM (indicate standard error of the mean).
# Clinical associations and P values were analysed by Student’s t test

® P <0.05 was considered statistically significant.
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